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NOVEL SMALL-RING-COMPOUNDS OF PHOSPHORUS: 

A Z A P H O S P H A B O R I R E N E S ,  DIPHOSPHAOIBORETANES AND 

AZAPHOSPHADIBORETIDINES 

P E T E R  KOLLE and H E I N R I C H  NUTH'  

i n s t i t u t  f u r  Anorgan ische Chemie d e r  U n i v e r s i t a t  Munchen. FRG. 

A b s t r a c t  S y n t h e s i s .  p h y s i c a l  d a t a  and t h e  s t r u c t u r e  o f  t h e  t i t l e  

r i n 7  compounds a r e  d i s c u s s e d ,  and i n  a d d i t i o n  1.4.2.3.5.6-diphospha- 

t e t r a b o r i n a n e s .  They e x h i b i t  v a r i o u s  degrees  o f  t h e r m a l  s t a b i l i t y  

and show some u n u s u a l  f e a t u r e s  i n  t h e  r e a c t i o n  w i t h  s u l f u r  and 

s e l e n i u m  

A number  o f  s m a l l  r i n g  compounds o f  p h o s p h o r u s ,  s u c h  a s  c y c l o t r i -  a n d  c y c l o -  

t e t r a p h o s p h a n e s  a n d  d i p h o s p h i r a n e s  A have b e e n  r e p o r t e d  ', 

AsRLZC 
2 f  B N R 2  

A - C - 

A p h o s p h i r e n e  g was c o n s i d e r e d  t o  b e  u n s t a b l e  b u t  F. MATHEY e t .  a l .  h a v e  s t a b i l i z e d  

t h i s  u n s a t u r a t e d  P C 2 - r i n g - s y s t e m  a s  a l i g a n d  3 ;  s h o r t l y  t h e r e a f t e r  t h e  f r e e  l i g a n d  

became a c c e s s i b l e  '. 

I n  v i e w  o f  t h e  i s o e l e c t r o n i c  r e l a t i o n s s h i p  b e t w e e n  a c a r b o n - c a r b o n -  a n d  a b o r o n -  

n i t r o g e n  b o n d ,  we a t t e m p t e d  t h e  s y n t h e s i s  o f  d e r i v a t e s  o f  t h e  t h r e e  membered 

a z a p h o s p h a b o r i r e n e  C. R e a c t i o n  ( 1 . 1 )  g i v e s  a c c e s s  t o  t h e  d e r i v a t i v e  2. c h a r a c -  

t e r i z e d  b y  a h i g h l y  s h i e l d e d  " P - a t o m  ( J 3 ' P :  - 9 2 )  a n d  i t s  m o l e c u l a r  w e i g h t .  

2 M1 tmp-K Nfeu I 

ftBU - 2  M C f  R i p r  
'PrPC12 tmp-BIN-t8u - tmp- 

CL - 1 - 
(1.1) 
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The compound 2 p r o v e d  t o  be h i g h l y  r e a c t l v e .  

i )  i t  decomposes t h e r m a l l y  t o  t h e  a m l n o l m l n o b o r a n e  tmpB+NCMej 1 and 

c y c l o p o l y p h o s p h a n e s  ( r e a c t i o n  1 . 2 )  

i i )  i t  behaves  a s  a two  e l e c t r o n  donor  t o  m e t a l  c a r b o n y l  f r a g m e n t s  

( r e a c t i o n  1 . 3 )  and  

i i i )  i t  r e a c t s  w i t h  s u l f u r  and s e l e n l u m  t o  p r o v i d e  r i n g  e x p a n s l o n  

p r o d u c t s  ( r e a c t i o n  1 . 4 )  

3 r e a c t s  a l s o  w i t h  C H 3 1 .  however  n o t  w i t h  t h e  e x p e c t e d  p h o s p h o n i u m - s a l t  

f o r m a t i o n ,  b u t  s u r p r l s i n g l y ,  b y  r i n g  c l e a v a g e  a s  shown In r e a c t i o n  ( 1 . 5 )  

Our a t t e m p t s  t o  s y n t h e s i z e  t h e  "two-membered'' b o r a p h o t p h e n e  R2NB=PR; 

c o n t a i n i n g  a bo ron -phosphorus  doub le -bond  have so f a r  l e a d  o n l y  t o  a 

number o f  i t s  d imers .  t h e  1 . 3 . 2 . 4 - d i p h o s p h a d i b o r e t a n e s  6 - ( r e a c -  

t i o n  2 . 1 )  
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T h e r e f o r e ,  t h e  k i n e t i c  s t a b i l i s a t i o n  o f  a b o r a p h o s p h e n e  r e q u i r e s  e v e n  m o r e  

b u l k y  g r o u p s .  Compounds 5 - 2 h a v e  b e e n  c h a r a c t e r i z e d  b y  p h y s i o c h e m i c a l  d a t a .  

I n  a d d i t i o n ,  t h e  X - r a y  c r y s t a l  s t r u c t u r e  o f  a n d  3 h a v e  b e e n  d e t e r m i n e d .  

They show a p l a n a r  B 2 P 2 - r i n g  w i t h  t r a n s - o r i e n t a t i o n  o f  t h e  p h o s p h i n o - s u b s t i -  

t u e n t s .  

S i n c e  2 r e a d i l y  decomposes w i t h  f o r m a t i o n  o f  a n  a m i n o i m i n o b o r a n e .  d e r i v a t e s  

o f  t h e  I . 3 . 2 . 4 - a z a p h o s p h a d i b o r e t i d i n e  may b e  e x p e c t e d  a s  s o u r c e s  o f  b o r a -  

P h o s p h e n e s .  The d e r i v a t i v e  11 was o b t a i n e d  i n  a m u l t i s t e p  s y n t h e s i s ;  some 

s t e p s  a r e  d e s c r i b e d  i n  ( 2 . 2 ) .  

t BU 

LiP(HfBu k. 
r: 

CI CI CI .pt ‘&I 

t Bu ‘BU - trnp-8: B-tmp (2.2) tmp-BO N. 6-tmp + LiPIHfBu - (tmp-BOk$-tmp) 

1 1  H Bu - 
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- 11 behaves  a s  a phosphane i n  i t s  r e a c t i o n  w i t h  m e t a l - c a r b o n y l s .  e.g. U(Co)6 .  

More i n t e r e s t i n g l y ,  s e l e n i u m  removes t h e  p h o s p h o r u s  a t o m  f rom t h e  r i n g  

s y s t e m  a s  shown i n  ( 2 . 3 ) .  

The s m a l l e s t  B P - r i n g .  c o n t a i n i n g  a d i b o r o n  u n i t .  i s  a 1 . 2 . 3 . 4 - d i p h o s p h a -  

d i b o r e t a n .  d e s c r i b e d  i n  1985 b y  M .  B a u d l e r  ’. 3-membered p h o s p h a d i b o r i r a n e s  

a r e  s t i l l  unknown. Our a t t e m p t s  t o  s y n t h e s i z e  t h i s  r i n g - s y s t e m s  a r e  shown 

i n  ( 3 . 1 ) .  However,  o n l y  t h e  new s i x  membered 1.4.2.3.5.6-diphosphatetra- 

b o r i n a n  s y s t e m  12 was o b t a i n e d  and C h a r a c t e r i z e d  b y  i t s  X - r a y  c r y s t a l  

s t r u c t u r e .  

+2 LiPHCMe3 

t 
Mefl NMe2 

Mefl NMe2 b P-4 
- HfCMe3 B-q 
- Me$-q P-CMe3 P-4 

Me$-P\ P-CMq 
H i  Me$’ NMe2 
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